T he development of central sleep apnea (CSA) is associated with several medical conditions, including congestive heart failure, cerebrovascular disease, alveolar hypoventilation syndrome, and travel to high altitude. Although the pathophysiology of CSA varies, a disruption in normal ventilatory patterns followed by the development of central apneas is seen in each disease state. We describe a patient who developed transient CSA following maxillomandibular advancement for OSA. We hypothesize that an exaggerated ventilatory response from longstanding OSA contributed to the onset of CSA after surgery, resulting in a period of unstable nocturnal ventilation that resolved over time.
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REPORT OF CASE
A 38-year-old Hispanic male presented with complaints of hypersomnolence, snoring, and witnessed apneas. Physical examination was significant for a BMI of 26, Mallampati class 3 airway, neck circumference of 16 inches, and a normal cardiopulmonary exam. A split-night polysomnogram (PSG) revealed an apnea-hypopnea index (AHI) of 26 events/hour, all obstructive. These events were ameliorated with CPAP, and no central apneas were observed during the treatment portion of the PSG. The patient started CPAP and initially noted a subjective improvement in his daytime hypersomnolence, but was unable to tolerate therapy. He elected to undergo uvulopalatopharyngoplasty followed by radio frequency ablation of the tongue, but his postoperative PSG demonstrated an increased AHI of 32 obstructive events/hour. Six months later the patient underwent maxillomandibular advancement (MMA) with a LeFort I osteotomy, bilateral mandibular sagittal split osteotomy, mandibular genial tubercle advancement of 10 mm, septoplasty, and bilateral inferior turbinectomies. Lateral neck radiographs demonstrated an excellent postoperative result, with enlargement of the posterior airway space from 2 to 11 mm. However, PSG performed 3 months after surgery demonstrated an AHI of 39 events/hour, with the overwhelming majority central in origin (Figure 1 ). The patient was not taking any medications at the time of the PSG; follow-up echocardiogram was normal, and an MRI of the cervical spine confirmed airway patency in multiple positions. Three months later, repeat PSG revealed resolution of these central events with an AHI of 11 events/hour. Details of polysomnographic studies are summarized in Table 1 .
DISCUSSION
CSA describes an apnea that occurs due to lack of respiratory drive.
1 CSA development has been described using the concept of high loop gain-an engineering term that in the respiratory system describes an exaggerated ventilatory response to carbon dioxide. 2 High loop gain is an overshoot phenomenon, in which the system response is greater than appropriate for the given stimulus. In the example of high altitude, ambient hypoxia induces hyperventilation and hypocapnia, which results in an apneic episode to restore carbon dioxide homeostasis. The result is an unstable breathing pattern that varies over time between hyperpnea and apnea.
The development of CSA after surgical treatment for OSA has rarely been reported. Guilleminault et al. described 5 patients who underwent tracheostomy for OSA and developed CSA in the postoperative period.
3 Subjects were young and only mildly overweight, with an average age of 46 and an average BMI of 27. When these patients were subjected to metered amounts of carbon dioxide 3 months postoperatively, they were found to have an exaggerated ventilatory response (high loop gain). The authors hypothesized that chronic OSA had altered brainstem ventilatory control at the neuronal level. Surgical correction of OSA had dramatically decreased ventilatory load, creating the circumstances for unstable ventilation and CSA. Over time a "resetting" occurred, ventilation stabilized, and CSA declined.
Wellman et al. prospectively studied the effect of pharyngeal closing pressures on ventilatory instability in 25 OSA patients.
4
Loop gain did not correlate with AHI in patients with negative and positive pharyngeal closing pressures, but there was a significant correlation between AHI and loop gain in patients with atmospheric closing pressures. While technically obese (mean BMI 31.9), these patients had the lowest BMI of the 3 study groups. The authors concluded that patients with atmospheric closing pressures were "highly susceptible" to unstable ventilation.
Like the patients in these studies, our patient was younger and less obese than the typical individual with OSA. It is plausible that our patient had an atmospheric pharyngeal closing pressure, which, combined with his latent high loop gain from chronic OSA, predisposed him to develop unstable ventilation after an abrupt change in his ventilatory load following MMA. The fact that his CSA resolved 6 months postoperatively after his ventilatory control stabilized further supports this hypothesis. This case provides unique insight into the ventilatory mechanics of patients following OSA surgery and supports delay- ing postoperative polysomnographic testing for at least six 6 months after the procedure, especially in patients at high risk for this complication.
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